Introduction
Argonne pioneered the pulsed spallation neutron source with the ZING-P and IPNS-I concepts.
IPNS-I is now a reliable and actively used source for pulsed spallation neutrons. The accelerator is a 500 MeV, 8-9 pa, 30 Hz rapid cycling proton synchrotron.
Other proton spallation sources are now in operation or in construction. These include KENS-I at the National Laboratory for High Energy Physics in Japan, the WNR/ESR at Los Alamos National Laboaratory in the USA, and the SNS at tMe Rutherford Appleton Laboratory in England.
Newer and bolder concepts are being developed for more intense pulsed spallation neutron sources. These include SNQ at the KFA Laboratory in JtYlich, Germany, ASTOR at the Syiss Institute for Nuclear Physics in Switzerland, and ASPUN, the Argonne concept.
ASPEN is based on the Fixed-Field Alternating
Gradient concept. The design goal is to provide a time-averaged beam of 3.5 ma at 1100 MeV on a spallation target in intense bursts, 100-200 nanoseconds long, at a repetition rate of no more than 60 to 85 Hz.
Fixed-Field Alternating Gradient (FFAG) Design
The design is based on 200 MeV H + H+ stripping injection. The linac must provide 32 milliamperes of H beam for 500 pseconds at a 220 Hz repetition rate. A schematic view of the FFAG is shown in Figure 1 and the machine parameters are listed in Table 1 .
The injection radius is 17.5 meters. Acceleration is accomplished with 10 rf cavities symmetrically located around the circumference.
The equilibrium radius grows to 18.75 m at 1100 MeV. Injection time is 500 pseconds, capture time is 600 vseconds, and acceleration time is about 3400 pseconds. Extraction is accomplished with one turn ferrite extraction kicker magners.
The pulse width will be about 140 nanoseconds.
The guide field in an FFAG accelerator is given by B = B (rJ) [ is large. The betatron frequencies are independent of momentum.
The n and a functions for this design are shown in Figure 2 . They are constant with the bending radius of the equilibrium orbit within the magnet. An Enge short tail fringing field is used to calculate the focusing or defocusing effects of the magnet edges. The horizontal and vertical beam envelopes for ex = 700 rmm-mr and e = 500 wrmm-mr, respectively, are shown in Figure 3 . The chosen values of Cx and £z are sufficiently small to avoid x and z coupling and destructive vertical spread due to the nonlinear magnetic field components present in the FFAG magnet. The good field region of the magnet must extend from 17.4 to 18.9 meters. The field at the injection radius of 17.5 meters must be 0.489T and and at the extraction radius of 18.75 m must be 1.281T.
The magnet gap must allow for the betatron amplitude, field errors and misalignment, poleface windings, vacuum chamber walls, and some contingency.
To within a 98% probability, the rms displacement of the equilibrium orbit will be p times the rms displacement of an individual magnet where p is Table 2 .
The injection system is shown in Figure 4 . There are 4 programed bump magnets and one programed septum magnet. The stripper foil is located between the inside two bump magnets. Initially the foil edge is located at the center of the phase plane acceptance ellipse, and then it moves away during the 500 isecond injection period. The vertical beam is also modulated during injection so that the total density distribution is as uniform as possible. Table 3 . The rf voltage and frequency through out the cycle are shown in Figure 6 . The kinetic energy and sin4s are shown in Figure 7 . --, -r r----. 
Discussion
The ASPUN conceptual design is by no means a complete and final facility design. It is, however, indicative of the potential of the FFAG concept. An accelerator of this capability will have very exciting possibilities as a driver for a spallation source. The neutron fluxes from a facility built around this concept should exceed by at least an order of magnitude the fluxes that will be possible with the facilities now under construction.
The concept will be studied in considerably more detail at Argonne in the next few years. Clearly, beam lo ses in this machine must be less than 1o-4 or 10 . Preliminary calculations indicate that capture, acceleration, and extraction could achieve this efficiency, but his is an area that will receive considerable attention. Also, magnet design and beam orbit programs will be pursued.
